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DATA VALIDATION AND SUMMARY FOR THE 
NRL REMOTE SENSING EXPERIMENT: 
PHELPS BANK, JULY, 1982 


Part I: Hydrography 
I. INTRODUCTION 

For several years, Synthetic Aperture Radar (SAR) images of the sea 
surface revealed planar signatures which were remarkably similar to the 
bathymetric contours below the water in depths less than about 30m. Such 
sea-surface bathymetric signatures were also observed by side~looking air- 
borne radar (SLAR). To address the scientific questions raised by these 
observations, a multi-institutional program (the sirborne Surveillance 
Phenomenology Program; ASPP) was established at the Naval Research Labor- 
atory, Washington, DC (The original plans are described in Valenzuela and 
Chen, 1983.). In July, 1982 as the initial field effort of ASPP, a pilot 
experiment was conducted southeast of Nantucket Island centered around 
Asia Rip (40°50'N, 60°20'W). The experiment was to establish techniques 
for a comprehensive experiment in 1984, to learn about the oceanographic 
and meteorological environs of Asia Rip, and to obtain a data set for pre- 
liminary analysis. 

The Nantucket Shoals area was chosen for the experiment because SAR 
imagery obtained in this area by SEASAT in 1978 (Beal, et al, 1981; p.22) 
showed a wealth of bathymetric signatures. 

During the pilot experiment, meteorological, radar and wave buoy data 
were gathered. A hydrographic survey of the area was made with a Neil- 
Brown conductivity-temperature-depth (CTD) profiler as time permitted. 
Forty-one casts were obtained supplemented by 29 T-1l expendable bathy- 


thermograph (XBT) probe drops. The data was confined to the tessera 
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40°30' to 41°10'N and 68°55' to 69°45'W. The data was obtained in two 
segments: 11 to 14 and 17 to 21 July, 1982. This report summarizes the 
hydrographic situation in the operational area during the experiment 

based primarily on the CTD data. The data has been corrected for temporal 
changes during the survey period and adjusted for tidal displacements. In 
appendices, the CTD and XBT casts are plotted and average CTD data in l 


meter bins are tabulated. 
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II. INSTRUMENTATION 
The hydrographic situation at Nantucket Shoals was primarily derived 
from casts made with a conductivity-temperature-depth (CTD) profiling 
instrument. Expendable bathythermograph (XBT) probes were also dropped to 
obtain additional temperature profiles. 
A. CTD Instrument 

The CTD was manufactured by Neil Brown Instrument Systems and 
is very similar to their Mark [II instrument. The instrument measures 
each channel of data at a 31 Hertz rate. The electrical conductivity of 
the water is determined by a four-electrode cell 3 cm long. The tempera- 
ture is measured by both a platinum resistance element (time constant 
-Ssec) and a thermistor with a time constant of about .05sec. The analog 
signal from each temperature sensor is combined so that the platinum 
element provides long term stability and accuracy and the thermistor pro- 
vides fast response. The pressure is read by a strain gauge sensor. The 
conductivity, temperature and pressure signals are digitized by three 
separate 16-bit-plus-sign digitizers and mixed into a digital data stream. 
The digital data is then transmitted up the hydrowire in frequency-shifted- 
key (FSK) format using 5 and 10 Hz frequencies. This FSK data stream is 
converted to TTY-compatible digital data to provide a serial data stream. 
It is also unmixed and converted to TTY-compatible format to provide a 
parallel digital data stream and it is digital-to-analog converted to pro- 
vide parallel analog signals. (Brown and Morrison, 1978, provide details 
of the CTD instrument). 

The serial digital data is logged on an HP-1000 computer 


through the general purpose interface bus onto 800 bpi 9-track tape. The 
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serial FSK data is also recorded on a high quality audio recorder 
(7.5 ips) to provide backup recording. The parallel anaiog signals are 
plotted on a 2-channel X-Y-Y' recorder to provide real time monitoring. 

The inaccuracies, resolution, and total noise of the CTD 
channels are in Table 2.1. The inaccuracies are based on the calibration 
history of the instrument. The system noise is the white noise floor of 
each channel and the resolution is the digital least count. An evaluation 
of the CTD characteristics will be found in Kaiser and Clamons, 1983. The 


instrument used in this experiment is referred to as CTD-II in that report. 


B. XBT Instrument 
‘e@ The XBT probes used for this experiment were standard 
Sippican Corporation (Marion, Mass.) type IT-ll fine structure XBT's. 
oe These probes have a nominal accuracy and resolution of 0.1°C. The probes 
free fall in the water, and knowing the fall rate equation, their depth- 
time dependence can be determined. The average fall rate for T-1l probes 
Se is 1.75 n/sec. Their nominal depth accuracy is 2%. 
Normally the XBT data are recorded on an HP~1000 computer 
using a digital multimeter. Some were, but computer malfunction required 
the post cruise manual digitization of the XBT charts on a digitizing 


table. This does not significantly change the accuracy and resolution of 


the final digital XBT data. 


Table 2.1. CTD Svstem Characteristics 


Channel Resolution Inaccuracy System Noise 
Temperature, °C -0005 -005 -0002 


Conductivity, amho/cm -001 -005 0004 


Pressure, dbar 025 1.6(.2)* 02 


*This is over the total range of 1600 dbar. With zero correction, over 
the 0-100 dbar range the inaccuracy is .2 dbar. 


C. Navigation 
The primary navigation aid was two Northstar 7000 Loran-C 

systems. These have a nominal accuracy of 0.1 km in the Nantucket Shoals 
area due to the excellent Loran coverage there. The time delays and 
calculated latitude and longitude information from the Loran-C sets were 
logged on an HP-1000 computer and updated every minute. The complete time 
series of navigation for this experiment will be found in Kaiser and 
Munch, 1983. The position for each cast was determined at the time the 
CTD or XBT entered the water. In most cases the CTD casts were less than 


600 sec in duration and the XBT drops required less than 50 sec. 
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III. DATABASE 

The data base used here consists of 41 CID casts and 29 XBT profiles. 
The geographical distribution of these are shown in Fig. 3.1 with the 
lowering or drop number. The CTD and XBT logs are in Tables 3.1 and 3.2 
respectively. 

The CTD cast depths and water depths are in Table 3.1. For most of 
the casts we tried to keep the CTD about 5 m above the bottom, but this 
varies; we did not have a bottom finder on the CTD. The actual bottom 
depths were determined from a Raytheon precision depth recorder. 

CTD lowerings 7-13 and 27~34 were recorded on audio tape but inad- 
vertently the tapes were erased. Since the casts were also plotted on an 
analog recorder, the analog traces were hand digitized on a digitizing 
table. 

XBT drops 14-23 were to determine the existance of a weak east-west 
front. XBT drops 24-32 were to resurvey the same front about 1/2 tidal 
cycle later. 

To convert from Julian day to calendar day, the following corres- 
pondence applies: JD 192 is July 11; JD 198 is July 17; and JD 202 is 


July 21. 
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Fig. 3.1. Location of CTD casts (0) and XBT drops (@) with their 


c identifiers. The 20 m isobath is included. 
| 
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TABLE 3.1. CTD CASTS 
a DAY-TIME! LOW! LATITUDE | LONGITUDE; CAST be WATER 
GMT | #{ooy W DEPTH Derr eae 
[a 

192-2329] 1 eee per 51 55 

193-0021] 2 |40°49.84'|69°13.31'| 55 61 

193-0104] 3 |40°49.85'!69°07.09'| 66 65 

193-0143! 4 ee bpaurate 80 84 

193-0250! 5 aad an a 79 80 

193-0314] 6 |40°55.01'|69° 8.00'! 68 74 

193-0348) 7*|40°54.96'169°14.91'! 62 65 Xx 
193-2212! 8 |40°44.56'|69°13.32'| 51 61 Xx 
193-2257| 9 140°44.71'169° 5.17'| 69 | 72 x 
193=2339!19 | 40°44.90'!68°58.15'| 62 | 72 Xx 
194-0017]11 |40°40.23'|68°59.52'| 62 66 x 
194-0101|12 |40°39.84'|69°06.64'| 63 78 . 
194-0139/13 |40°35.16'169°06.79'| 77 80 x 
194-0222|14 |40°34.96'|69°13.95'| 56 60 

194-0303]15 |40°39.66'|69°13.93'| 54 58 ee 
194-0343/16 |49°40.06'/169°19.90'| 49 55 we 
194-2218/17 |40°50.04'169°35.04"| 35 39 e 
194-2256|18 Hon +241 6995-86: 40 45 

194-2333/19 |40°40.25'|69°36.09'| 45 50 

195-0011]20 |40°35.16'169°36.16'| 59 62 

195-0112]21 |40°32.04'!69°27.20'| 55 59 

195-0204]22 |40°34.79'|69°20.06'| 55 60 

195-0246] 23 |40°34.85'|69°26.53'| 49 54 

195-0330/24 |40°39.58'|69°26.71'| 50 55 

198-0739/25 |40°54.29'|69°42.95'| 28 32 

198-0815/26 |40°50.26'|69°43.05'| 35 38 

198-0853127 |40°45.13'|69°42.95'| 39 42 Xx 
198-1000! 28 |40°45.06'|69°27.35'| 48 50 x 
198-1031|29 |40°49.87'|69°27.26'| 47 50 | X 
198-1101/30 |40°S4.87'|69°27.27'| 22 26 Xx 
198-1156[31 |40°55.12'|69°35.73'| 38 40 4 
198-1228) 32 |40°59.88'169°35.77'| 38 43 X 
198-1302133 |141°04.92'|69°35.96"| 21 31 X 
198-1957] 34 |40°39.99'169°27.12'| 53 55 x 
198-2157]/35 |40°40.44'169°12.92'| 62 66 
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TABLE 3.1. CTD CASTS (Cont) 


eee gh eee LONGITUDE] CAST |WATER| HAND 
cMr | # N 


W DEPTH} DEPTH | DIGITIZED 
M 
200-1410/36 | 40°50.30'|69°07.16'| 69 73 
bet 200-2235)37 |40°45.42'|69°36.15'| 36 40 
. 200-2351)38 |40°53.10'|69°20.96'| 36 45 
201-1630) 39 | 40°59.29'/69°13.49'} 31 70 


201-1645|/40 |40°59.14'|69°13.19'| 67 69 


a 41°00.15'/69°19.58'| 47 49 


*Lowering 7 was machine digitized to 44 m and hand digitized to 61 na 


@ 
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TABLE 3.2. XBT DROPS 


DAY-TIME! DROP! LATITUDE |LONGITUDE WATER | 


cut | No N W DEPTH 
M 
191-0946] 7 |40°48.50'/69°26.81'| - 
191-1022} 8 |40°47.00'/69°29.00'| - 
192-1215] 9 |40°46.96'|69°29.04'| - |Bad 
192-1845} 10 |40°49.96'/69°18.94'| - 
elas 11 140°52.00'/69°16.79'! 53 
194-1820] 12 |40°49.92'|69°34.64' 
195-1515! 13 |40°47.42'|69°21.73'| 33 
198-1730] 14 |40°53.71'!69°30.91'| 37 /Front 
198-1745! 15 140°52.5 '|69°30.60'| 37 [Front 
eats 17 oe ' ee 37. |Front 
198-1815! 18 4024861 1169°30.02'| 44 I|Front 
198-1830! 19 140746.5 '|69°29.95'! 44 !Front 
198-1845! 20 140°44.8 '|69°29.93'| 44 \Front 
198-1900! 21 |40°42.8 '|69°30.00'! 48 {Front 
HORRAOE | 22 |40°41.9 '169°29.96'| 48 {Front 
198-1930] 23 |40°40.0 ']69°29.92'| 48 {Front 
198-2355] 24 |40°39.7 '|69°29.8 '| 43. {Front 
199-0010] 25 |40°42.4 '/69°29.8 '| 48 |Front 
199-0025! 26 |40°43.3 '/69°29.8 '| 44 |Front 
199-0035} 27 |40°44.9 '|69°29.8 '| 46 |Front 
199-0050] 28 |40°46.6 '|69°29.6 '| 45 !Front 
199-0105] 29 |40°48.3 '169°29.4 '| 43 |Front 
199-0120} 30 |40°50.14'/69°29.4 '| 45 |Front 
199-0135] 31 |40°51.9 '|69°29.4 '| 38 |Front 
199-0145! 32 |40°53.0 '|69°29.5 "| 34 |Front 
199-2025! 33 |40°50.7 '|69°07.6 '| 70 
200-0305] 34 |40°S7.1 '/69° 6.6 "| 75 
200-1200} 35 |40°50.5 ')69°11.2 '] 70 
202-1800] 36 |40°49.1 '|69°33.7 '!| 40 
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DATA PROCESSING 
A. CTD Data 
The CTD data was transcribed from audio tape to 9-track 800 bpi 
tape by an HP-100C computer. 31 data scans/second were logged. These 
data were digitally processed before plotting or other processing. The 
data was scanned and, starting at a minimum pressure (0 dbar), all data 
scans were discarded if (py41 - Py) <O, where n is the data scan number 
and p the pressure. Then the data was wild point edited. All data scans 


in which pi41 7 pq > %1 were discarded. Then all data points which had 


(Tat - Ty)/CPnet - Pad! >Ke 


(Coy - Cy)/CPntt ~ Pn)! >K3 


were discarded. The Kk; - K3 are chosen for a particular data set. They 
represent, respectively, the maximum allowable time derivative of 
pressure, the pressure derivative of temperature, and the pressure deriv- 
ative o. -onductivity. For this data we chose Kj = .2 dbar/scan, Kz = 
3.°C/dbar and K3 = 2. mmho/cm-dbar. These values are small enough so 
that data at the bottom of a mixed layer will not be discarded. 

Density and salinity were then calculated from the edited data. 
No attempt was made to smooth or lag the temperature vis-a-vis the con- 
conductivity to prevent “spiking”. The density and salinity algorithms 
are documented in Rosenblum (1980). The algorithms are based on those of 


the Woods Hole Oceanographic Institution. 
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B. XBT Data 

The XBT data were all hand digitized from the standard XBT charts 
and converted to temperature and depth using the standard Sippican con- 
versions. The data was digitized by measuring the coordinates of signifi- 
cant points. These are points which can be connected linearly and in so 
doing the reconstructed profile is within .1°C from the original curve. 
The digitized data is then reconstructed by linearly interpolating between 
successive significant points. 

C. Tidal Adjustment of Data 

The hydrographic data were obtained throughout the experimental 
period and at random phases of the tidal cycle, which is semi-diurnal in 
the area. 

Actual tidal ellipses were determined with drifters at 6 and 19 m 
west and east of Phelps Bank (69°20'W) (see Greenewalt and Gordon, 1982). 
Each tidal ellipse, deternined from their measurements and referenced to 
the maximum flood current at Pollack Rip is plotted in Fig. 4.1. The 
maximum excursion due to the tides was 6.5 n.mi, while the nominal grid 
point spacing in the hydrographic survey was 5 nemi. To accurately plot 
maps, the lowering locations were all adjusted to a “reference” location 
in the tidal cycle. It was decided to use the center of the ellipse even 
though the tidal motion would never bring the water to that point; any 
point on the ellipse represents an extreme location. The adjustment to 
each of the 41 lowerings is shown in Fig. 4.2. The points being geo- 
graphic locations and the circles the adjusted locations. 

These tidal corrections were only made to the upper 30 m of the 


water column. Deeper water most certainly moves in different trajectories 
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WEST EAST 


Fig. 4.1. Tidal ellipses west and east of Phelps Bank constructed from 
the data of Greenewalt and Gordon (1982). The points labelled 


“O" refer to the maximum flood current at Pollock Rip. 
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Fig. 4.2. Adjustment to the location of CTD lowerings due to tidal 


motion. The circle is the adjusted location; the point 
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geographic location. 
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due to bathymetric influences. Bottom water probably is almost completely 
uncoupled from the upper tidal motion. 
D. Temporal Adjustment of Data: 

The hydrographic survey was carried out over a time span of 9 
days. A few lowerings were reoccupied during the period and they indicate 
a definite temporal trend in the deep (below 30 m) water. Above 30 m no 
trend could be discerned. The trends were obtained by comparing lowerings 
3 to 36, 15 to 35, and 24 to 34. These trends are plotted in Fig. 4.3. 
The temperature trend is most definite; salinity has a weaker trend and 
sigma-T no trend. The temperature and salinity corrections are -.097°C/day 
and -.04°/ec/day with no correction is made at 198/0600Z. These temporal 
corrections are only applied at or below 30 m depth. 

E. Summary of Corrections: 
Both tidal and temporal corrections have been made to the data. 


The corrections are summarized in Table 4.1. 
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TABLE 4.1. 


CORRECTIONS TO DATA 


(Ty ~ Tidal, T, - Temporal) 


Temperature 
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VY. HYDROGRAPHIC DATA 

The hydrographic fields, corrected as described in IV, is mapped at 9, 
10, 20, 30, 40, 60 m depths and at the bottom. Temperature, salinity and 
sigma-T maps have been constructed at each depth (Figs. 5.1 through 5.21). 
The location of Phelps Bank and Asia Rip are shown as the broken line near 
69°20'W. The appropriate isobath is plotted on the 10 m to 60 m charts. 
This fsobath was taken from the Department of Commerce 1:400,000, Georges 
Bank and Nantucket Shoals chart, July, 1980. The bottom data was from the 
deepest portion of the lowering, usually within 5 m of the bottom (see 
Table 3.1). A T-S diagram for each cast was plotted (Appendix A) and then 
all were combined, Fig. 5.22a. The composite T-S diagram suggests six 
distinct water masses can be identified. These are delineated in 
Fig. 5.22b. Note that types A, E and F represent surface water. Types 
B, C, and D are deep water with type C probably resulting from mixing of 
types B and D. The locations of these watermass types are shown in 
Fig. 5.23 and Fig. 5.24. Type C occurs over the shallower water in and 
around Phelps Bank, a result of tidal mixing across the bank. 

Selected temperature profiles from the area are geographically 
positioned in Fig. 5.25. The regions of surface warming are evident, but 


mixing between types B, C, D are only evident on the salinity profiles, 


which are on Fig. 5.26. 
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Fig. 5.1. 
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Temperature field at 0 m tidally adjusted. 
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Fig. 5.2. Temperature field at 10 m tidally adjusted. 
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69°30° 
Temperature field at 20 m tidally adjusted. 
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Fig. 5.4. 
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69°30" 
Temperature field at 40 m temporally adjusted. 
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Fig. 5.5. 
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Fig. 5.6. Temperature field at 60 m temporally adjusted. 
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Fig. 5.7. 
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Temperature field at the bottom temporally adjusted. 
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Fig. 5.9. Salinity field at 10 m tidally adjusted. 
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Fig. 5.10. 
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Fig. 5.11. Salinity field at 30 m tidally and temporally adjusted. 
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Fig. 5.13. Salinity field at 60 m temporally adjusted. 
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Fig. 5.14. Salinity field at the bottom temporally adjusted. 
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Fig. 5.15. Sigma-T field at 0 a. aa 


32 


69°30' 69°00’ 


Fig. 5.16. Sigma-T field at 10 m. { 
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Fig. 5.17. 
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Fig. 5.20. Sigma-T field at 60 mo. 
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Fig. 5.21. Sigma-T field at bottom. 
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Fig. 5.23. 


Location of water types in the upper portion of the water 


column. 
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Map of typical temperature profiles. 


Fig. 5.25. 


Map of typical salinity profiles. 


Fig. 5.26. 
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APPENDIX A. PLOTS OF CTD CASTS 


Lowerings 1 to 41 are plotted sequentially in Figs. A.1l to A.4l. @ 
The left-hand plate contains profiles of temperature (solid line), 
salinity (long dashed line) and sigma-T (short dashed line). The right- 
hand plate is the T-S diagram for the lowering. All casts are plotted on ‘@, 
uniform size blocks with uniform axes. These data have been processed in 


accordance with IV~-A. 
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APPENDIX B. TABULATIONS OF CTD DATA 


Lowerings 1 to 41 are tabulated sequentially in Tables. The data was 
processed in accordance with IV-A. After pressure reversal and wild point 
elimination, the data was averaged over 1 meter bins. Depth, temperature, 
conductivity, salinity and sigma-T are tabulated. The average vertical 
velocity of the CTD for each bin is also tabulated along with counts of 
accepted and rejected data scans. 

Lowerings 8 to 13 and 27 to 34 were hand digitized. Data was inter- 
polated to every .1 m depth so the point counts represent this. The 


vertical velocity is unobtainable for these lowerings so it was omitted. 
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APPENDIX C. PLOTS OF XBT DROPS 


All the XBT's were rand digitized from the original charts and then 


replotted using the standard temperature and depth conversions of the 


Sippican Corporation, Marion, Mass. Drops 7 to 36 are included. 


DT are 


| i@ 


ram 
In 

a 
a 


a 
a. 


“ St set toe et ae 


Pe et ee 


a ed ne ee ne 0 de eh ne ed el + 


0 
WEP TH (METERS) 


Pitas at leans ee ire ie eke i 


130 


C2 
100 


a ae 6a W ees etd Soe eel, ee nee eR 


OP PTHOMETFERS) 


= 4 
acl 
a) 
mn 
> on 
Ce iva) 
iN 
wo? 
tt 7 
i ees 
moa 
thicm 
om 
Joss 
ae OY -- 
on OD 
lu. 3 
-) a ul 
mo« Oo 
Yazs 
a} - 2 
~~ oe. Os 
> tal. 
you cD 
OT ise 
“~™Ie ala Seca tet ft os ABS Seg, 
6) 
a 4 
+t 
7) 
> 
od 
mo, 
‘J, ies 
3 
ey) o> 
to: 
a 
td 
lade 
ra 
aso 
oa id et 
cand - 
ta. 7 Noe 
Cc)! ul 
too. Oh 
YY oy ry > 
"\ - fF) 
oo e- tal SS Saleen 
U ules en 
Yon? 
ae) Cn ae 


a Pr TA asic lee esp Ste ta aha ie haere dse cere oars Shee 


Sie Se oS i eg OD 


100 
DEPTH (METERS) 


= ss * my) 

"SEN 
gates Stteie Maver dete ae Ne, Sa Se ak Sat ee 
100 


DEPTH CMFTPRS) 


, 


a 
“ 


‘Ags 
~~ 


TEMPERATURE | 


131 


ate... Hehe be  - h 


DEPTH (METERS) 


OFPTH (METERS) 


~. 


M) 


1 
aa) 
‘ 
= 
“4 d 
> A 
> 4 
oO é 
co { 
nN ! 
a (aa) 
113 
oO é 
? ul 4 
[ao 
= ae | 
t + 
= a 
"? mr 
we ui) 
ses a 
CF a= Sa 
” ul 
ua. | one wats Sd is ie bet i. Sse AS ' 
rs a. ot oo rr ney 
Zz >: 
ode 
. tu 
sr) 
ca ©) 
cov mw C 
0. a. Fe nn i ae ee oe die ob BL 4-—_- ___ —. > 
7) 100 
DFPTH (METERS) ae 
- seme wee te eee ee mn re 
z 
oa) 
mt - 
ey 
oo 
a) on 
uJ 
ao 
7. us 
nt 
aN sD 
a . 
. <— 
KL ~m 
~ tal 
oe a. 
€) «- >: 
“3 fal 
ul + 
ae oO 
Pv >: 
oo® ROS ere op Heine mace Se, PLaneausles ho cetelein Se Pncae naa ca gains keels Ra cane 
v4 
e- tet 
1+ (03 
O19 
co : 
a. a. SEROR OEE CLC ALAPR AEA! TERETE TESS [PSR RTE) SRE OTE EIST TIEN TEED (NOE ST EAS ARAN te Remar ate Ree (EC) 


4) 100 
DEPTH (METERS) 


Be ial 5 BOA CI eT Ce | 
@ 


ee i ee be th HS 


OFRPTH (METERS) 


wees code eee a a ee ee en ed 


DEPTH CHETERS) 


= a 
m4 
tha 
9 
ony 
aM = 
«> 
% 
om a es 
- lil 
i) 
J oo 
2 es uJ 
re an 
% a => 
Wo Oe. 
aed ~“ 
tJ ‘o a: 
daa ul 
ne 2) o- a. 
— OD e- : 
lu u ul 
CJ. tal Ke 
- @, a. 
ee 
Q. - cae 
sem AS 
t- = = OM 
7 0) ©) 
mM tO) Oo 
Me ala a ee es 
e) 0 19 
OFPTH (METERS) 10 
: = 2 a re 
ox 
sty 
co) 
aa) = 
© 
2 
wm 2 25 
ined ta 
(aa) 
™ oe 
wom Wd 
a ~ 
at - cD sp] 
m= -- 
ie a 
os ms ” 
+ ui 
rae ~ a. 
1 a x 
‘ 4 ul 
(> ! 433 . 
Mm - on, Tee EO PAPER NEOTEL ES Pinus ate ue 
OR eee fi es Ses hess tents Seas 
Oo. - 6) 
e- ta 
ft - teu- mm 
yay €9 
Or 7. (wise ©? 
“Oe a. a. aie Alpe met ie he eS oe Sie et Gg eo Sn Se es eae ee ge eR 4 e 
1) 100 


DEPTH (METERS) 


cM 


oO 


oa ht hth EH .. h 


DEPTH (METERS) 


DEPTH (METERS) 


weed ne be d-dh 


Peg Se Se 
eat ae 


c 
100 


fy ey a oe 


136 


- oe 


Na, 


errr ens eed mee ee eh oe ns nha eed en hh 


DEPTH (METERS) 


oO 


100 


wee 1 TB te a  - - S... d -  1 


DEPTH (METERS) 


137 


CoM: (oe ae mee Soo PROP dee es 

TEMS: , 3m) 332 FP se "EME: 1982 199 95:92 

BOSITSNY 4o S207 Nee 2S.FR 4 POSiTION: 40 42.49 N $9 29.89 W 
SROSE TYRE 1; PQggE TYPE 31 


| 


----- 


. 
ro | | 
‘ 4 
/ ) 
é L 
: | 
| 
ft 
- | | 
4 4 
SE i 2 | 
ai% m f | 
ee | | 
=e = | 
Zz oe t Zz + 
ae ; a 
= | = | 
fo pA | 


f 

| 

F 

{ 

{ 

| i ! 

i i 

° ig 319 18 
TEMPERATURE (DES 7: TEMPERATURE SDES ©) 


oot 


138 


} 


a 
v 


TEMPERATURE (ES 


Oe i i i ee i es i ee a 


OEPTH (METERS) 


TEMPERATURE (5 


FS Cece (hee eT UerSRenRr ane Cee SER Ee eaer re ew (RENE ON (epee scree Santee 
Vv 
DFPTH (METERS) 


= ee Q 
* 3 
ao 
7 
Dn 
a] ? 
ram 
[@>) n 
w 5 
“I a 
m™ a 
On 
7 wt 
Ps x «2 o 
tal a 
ee ~ 
cartes a ui 
la. ra x. 
On ul Mul 
2m a ake fone 
OF oe ys ~~ ane Ae ences ee = 
nn. cz 6 
pace 
-- Wow mM 
bE op op) 
mM ‘= 02 @ 
“+. a. a. se AS ig ees an a grr PY Oe eg 
Oo 100 
DEPTH (METERS) 4 
oO ~t 
ie oe] 
z 
° 
w 
o 
NN ma 
n & 
oO ra) (aa) 
[aN tu 
a5 Q 
> ul 
, wv. 
at a) 3 
L cl «ww -- 
: Ls te i 
r 4 © ~ 
} ow tw 
tas a. 
| Gi ° x 
‘ “ ul 
ap mast) ta 
Mm - a. 
OV on ee NG ee ee 
nN. «ps 
Perey 
ee 
7 4) OC? 
MN rio e 
Or fae | OEE a Same UT TASES RT CORSE Rae |e EME URC ie) Dale PR WE Seinen! Care rRan SPN! Gow eae (ear ae 2 
0 100 
OFPTH (METERS) 
Ld x 
4 a a 4 pa 


o a = = om 
i 
c> 
x 
D 
N 
a. a. « 
wo 
Z ag 
{v tu 
a) 2 
- Or 3 
FP dae soy a 
uy cy : 
ae : 
call es ay a 
to Land 
tb. OS 5 
() uJ = 
nN. A Pn ne ie ia er ek ra 
CoS, eee a aS 
Q. a+ 
; om Lil 
dos m 
rwa 
mM * Om 
™ ++ ala. et pee St a eg a ge IO 
0 100 
DEPTH (METERS) um 
- . a “t 
—- rr 
a 4 
>) 
t 
om 
MM 
oO 
Or 52, 
la ine) eo 
f tl a 
r es or. uJ 
a 
; + 
: tus as 
Ween ul 
poe - a. 
: bike, < ae he bi 
b 39 tu 9 
ber) a. TN an 
Y Sor eGo SS ee SEL Sy eae ee ee ee 
- PD. 
p. QO. Co e- 
_ iy 
r t UJ o~ m 
r og pea ee 
i POO s- a. a a BD re re Be ig eS gh ee Ny QO 


re) 100 
DEPTH (METERS) 


-2 oo 


Liao; i=) 
a om 
+4 3 
~ “ 
= = 
= i: 
foal m 
— — 
m res | 
Pe) P:) 
a a) 


TEMPERATURE (DES 2) TEMPERATURE iDES 


(ala 


4 
4 
a: 
: pee & 1 
Ve ona 
Q 
; 4 
a ” 
8 
‘3 
o 
, tc) (va) (a) 
F ~) ul 
(=) 
e in par 
| ar til 
i Qa: 
tt - CD =): 
7 au: as 
j ig « 
we a? m~ 
om | ww ou) tat 
tae - on 0. 
ao . 
ice x iw 
Oda ul eS 
co) Qa. pe 2 wn es, ae ies 
Oe a 
Oo. (7 &- 
a coe © 
t-- oo on 
oa 
mM oe CO Oo 
CO en) a) el i Cn i ee Ce Se on San Sn na ea 
¢) ) 
DEPTH (METERS) ae 
sade he th ne ot a : Se = 
a 4 
o 
) 
Te) 
© 
ES Le?) 
by ed ro) 
~~ vey 
ao 
iN ner 
of. tat 
: a 
at c? ma) 
wy = -- 
ig <_ 
ee - Pas v. 
: ney vi 
a GO a 3 
u a 4 tu 
Oo lJ : t- 
ov a. 
moos Ln ee en een eee ae 
QO. ar- 
sete tad 
kw Mm 
Y¥. 1) 09 
a »~ €7 OQ” qa 
oe nl oo beef ede ee Se ee ed te a td 
0 100 


DFP TH (METERS) 


Recitals 


TT a eee ee, 


~ 


aa ee eg One ne et es eg ee Oe 


us 
0. 
>- 
b.%, 
tu 
n 
c? 
Yr. 
n. marae ah os ees anew A — = eh wa ec Fn ooh eh. 


0 100 
DFPTH (METERS) 


144 


> Sf 3 t F 
Fase vale Pato 


DISTRI8 


Naval Research Laboratory 
4555 Overlook Avenue, S.W. 
Washington, DC 20375 

Attn: W. Keller, Code 7910 


Naval Research Laboratory 
4555 Overlook Avenue, S.W. 
Washington DC 20375 

Attn: W. Plant, Code 7919 


Naval Research Laboratory 

4555 Overlook Avenue, S.W. 
Washington, DC 29375 

Attn: G. Valenzuela, Code 7919 


Naval Research Laboratory 
4555 Overlook Avenue, S.W. 
Washington, DC 20375 

Attn: C. Gordon, Code 5810 


Naval Research Laboratory 

4555 Overlook Avenue, S.W. 
Washington, DC 20375 

Attn: D. Greenewalt, Code 5810 


Naval Research Laboratory 
4555 Qverlook Avenue, S.W. 
Nashington, DC 20375 

Attn: J. McGrath, Code 5810 


Naval Research Laboratory 
4555 Overlook Avenue, S.W. 
Washington, DC 20375 

Attn: W. Garrett, Code 7910 


Naval Research Laboratory 
4555 Overlook Avenue, S.W. 
Washington, DC 20375 

Attn: L. Galli, Code 5004 


Naval Research Laboratory 
4555 Overlook Avenue, S.W. 
Washington, DC 20375 

Attn: S. Ramberg, Code 5840 


Naval Research Laboratory 
4555 Overlook Avenue, S.W. 
Washington, DC 20375 

Attn: D. Chen, Code 7910 


UTION LIST 


1 


cy 


cy 


cy 


cy 


cy 


cy 


cy 


cy 


Naval Research Laboratory 
4555 Overlook Avenue, S.w. 
Washington, DC 20375 

Attn: 0D. Schuler, Code 7943 


~ 
Q 
<A 


u Naval Systems Research & Development Center 
5 Bethesda, MD 20084 
Acta: R. Lai, Code 1568 locy 


: 10S 
ri Brook Road ‘e 
Wornley, Godalming : 
Surrey, GU8, SUB 
Attn: N.D. Smith l cy 


iy NSTL Station 
| Bay St. Louis, MS 39529 ‘@: 
- Attn: P. Smith, Code 335 l cy 


Scripps Institute of Oceanography PGs 
IGPP — 
La Jolla, CA 92093 83 
Attn: R.A. Stewart locy 


Naval Research Laboratory 

4555 Overlook Avenue, S.N. 

Washington, DC 20375 
Code 2628 22 cys a 
Code 5810 Attn: J.A.C.Kaiser 22 cys @ 


5 146 


erat 


at 


